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Cellular and Molecular Pathology, B-1200,  Brussels, Belgium 
Rheumatoid factors (RF)  are autoantibodies specific for the Fc portion of IgG. In 
the human, they are sometimes detected in the serum of normal individuals, but their 
presence  in  high  titers  is  often  a  characteristic  of rheumatoid  arthritis.  Both  the 
mechanisms responsible  for their  development  and  the  genetic  factors  involved  in 
their regulation are still poorly understood. 
We recently observed in mice from certain specific pathogen-free colonies a spon- 
taneous age-dependent production of RF that varied considerably from one strain to 
another (1, 2). In the colony of our institute,  129/Sv mice produce from 10 to 50 times 
more  RF  than  C57BL/6  or  BALB/c  mice.  In  addition,  the  anti-IgG responses  of 
129/Sv  and  C57BL/6  (hereafter  called  129  and  B6)  differ  in  their  isotype  and 
specificity:  in  the  129,  RF  is  predominantly  IgA anti-IgG2a,  whereas  B6  produce 
mainly IgM anti-IgG 1. 
However,  although  these  RF-positive  mice  seem  free  of  pathogenic  bacteria, 
parasites, or common mouse viruses, their RF production is apparently induced by an 
infectious agent, as indicated  by the absence of RF in germ-free animals and by its 
induction  in  negative  mice  upon  contact  with  positive  ones  (J.  L.  Van  Snick, 
manuscript in preparation). Therefore, the differences in RF levels between the strains 
from our colony could reflect variations in their exposure to the causative agent. This 
possibility was excluded by the observation that newborn mice from a  low-producer 
strain, such as BALB/c fostered by  129  mothers and maintained  for 6  mo with  the 
129 mice, still had low RF titers. As a consequence, we expected the differences in RF 
responses to have a genetic basis and attempted to map some of the genes that govern 
RF production by 129 and B6 mice in our colony. 
Materials and Methods 
Mice.  129,  B6, and their crosses were maintained in specific pathogen-free conditions at the 
colony of our institute by Dr. Guy Warnier. 
RF Determination.  IgA and  IgM  anti-IgG autoantibodies  were  determined  as  described 
previously (l)  by a  solid-phase  radioimmunoassay (RIA) on  polystyrene wells coated with 
monoclonal IgG2a and polyclonal IgG1. These were isolated  by affinity-chromatography on 
protein A-Sepharose  (Pharmacia Fine Chemicals, Uppsala, Sweden) from ascitic fluid collected 
from, respectively,  BALB/c  mice bearing the  MOPC173  myeloma and  B6  mice  that  had 
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received repeated injections  of 0.9% NaC1 emulsified  in complete Freund's adjuvant. IgG2a, 
which, according to Ey (3) was eluted from the protein A-Sepharose  at pH 5.0, was contami- 
nated with <5% IgG3, whereas no contaminant was detected by double immunodiffusion in 
the IgGl recovered at pH 6.0. Total RF levels were titrated by latex agglutination using the 
Technicon  PACIA System  (Technicon  International  Division,  Geneva). For this  assay,  the 
particles were coated with total IgG isolated  from 129 serum to detect autoantibodies specific 
for subclasses not tested by the RIA. 
Allotype Typing.  The IgG2a allotypes were identified  by inhibition ofhemagglutination. The 
antisera were produced according to Herzenberg (4). Anti-IgG2a  b antibodies were obtained in 
BALB/c by injections of IgG from B6 mice that had been immunized against the H-2 antigen 
of the BALB/c strain (H-2d). The anti-IgG2a  a antiserum was from LP/J (H-2  bvl) injected with 
BALB/c anti-H-2  ~'1 IgG. The presence of IgG2a  b was confirmed by precipitation in double 
immunodiffusion. 
Results 
The concentrations of IgA and IgM autoantibodies against various IgG preparations 
were measured by RIA in the serum ofF1 and F2 (129 ×  B6) hybrids and of 129 ×  F1 
(129 ×  B6) backcrosses. In addition, total RF was titrated in all sera by agglutination 
of IgG-coated particles. The animals were tested after 20 wk of age, when the age- 
dependent RF production reaches a plateau. It appeared that IgA anti-IgG2a, which 
represents 75% of the 129 RF, accounted for most of the anti-IgG activity of sera with 
high titers of total RF. Therefore, this report will focus on the data concerning IgA 
anti-IgG2a. 
F1 hybrids between high-producer  129  and low-producer B6 had little RF:  of 5.5, 
48 had low and  7 had intermediate RF levels, indicating  that  high RF production 
was almost completely recessive. To estimate the  number of genes involved in  the 
control of this RF production,  anti-IgG autoantibodies were measured in  129  ×  F1 
(129 ×  B6) backcross and in F2 (129 X B6) mice. 34 of 123 backcrosses and  18 of 170 
F2 mice had 129-like RF levels (928 #g/ml). These proportions suggested that the RF 
response of the 129 mice depended upon two genes, although the frequency of positive 
F2 mice was higher than  1 in  16,  as would be expected for two autosomal recessive 
genes. 
The  129 and B6 mice carry different Igh-C alleles, respectively Igh-1  a and Igh-1  b, 
which  encode  two  allotypic  forms of IgG2a.  This  enabled  us  to  test  the  linkage 
between high RF production and allotypes in the backcross and F2 mice. We observed 
that  all  the  F2  mice  and  33  of 34  backcrosses  that  had  129-like  RF  levels  were 
homozygous for the Igh-1  a allele, whereas not  a  single Igh-1  ~b or Igh-1  bb F2 animal 
and only 1 of 73 Igh-l  ab backcrosses had similar levels of IgA anti-IgG2a (Fig.  1 and 
Table I).  In  addition,  sera  that  agglutinated  50%  of IgG-coated latex  particles  at 
dilutions  higher  than  1:100  were  found  almost  exclusively  in  Igh-1  ~  mice 
~aa  .....  b  +  bb  =  81.6;  P  <5.104).  The correlation between  IgA anti-IgG2a and total 
RF (n -- 265; r =  0.8)  further excluded the possibility that some mice would produce 
large amounts of RF other than IgA anti-IgG2a. 
These results demonstrate a  strong linkage between  the Igh-C locus and  the RF 
phenotype. However, as with the F1 hybrids, a significant proportion of Igh-1  ~b mice 
(-10%)  had  intermediate  IgA  anti-IgG2a  titers,  indicating  that  the  strain  129 
structural genes that encode RF are not always completely suppressed in these mice. 
The same linkage was observed for IgM anti-IgG2a (Table I). 
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FIG.  l.  IgA anti-lgG2a levels as a  function of the Igh-I  phenotype in  129, B6, and various  129 x 
B6  crosses.  Each  point  corresponds  to  an  individual  mouse  and  represents  the  mean  of  three 
determinations. 
TABLE  I 
Frequency of Animals with High  Levels of IgA or IgM Anti-IgG Autoantibody in  Various 129  X  B6 
Crosses as a Function of Their Igh-1 Phenotype 
Percentage of animals with high levels of 
Mice  Igh- 1  Number of 
phenotype  mice  Anti-IgG2a* 
IgA  IgM 
Anti-lgGl lgM 
129 X Fl (129 X B6)  aa  50  66  (83)  38.5 (44)  0 
ab  73  1.4 (63)  2.8 (24)  4.1  (21) 
F2 (129 ×  B6)  aa  53  34  (82)  24.5 (39)  3.9 (28) 
ab  81  0  1.2 (30)  1.2 (22) 
bb  36  0  0  23.0 (26) 
* Values >28 #g/ml IgA anti-lgG2a and 20 #g/ml IgM anti-lgG2a or anti-IgGl were considered high levels.  For anti- 
IgG2a, these figures correspond to the lower 95% confidence limit for the  129 mice. For IgM anti-IgG1, the value was 
arbitrarily chosen equal to that oflgM anti-IgG2a. The values in parentheses represent the mean concentrations ~g/ml) 
of the corresponding autoantibodies in positive animals. The following X  2 values were obtained: 
for IgA anti-IgG2a: X~,  ..... b + bb =  113  (P <5.10-% 
for IgM anti-lgG2a: X3,,, vs. ,h + bb =  55.2  (P <5.10-4); 
for IgM anti-lgGl after Yates' correction: X~,b v,. u  + ab =  24.2  (P <5.10-4). 
autoantibodies.  This B6-1ike RF was about eight times more frequent in Igh-1 bh than 
in Igh-1  ab or Igh-1  ~  mice (Table I). Although these differences were highly significant 
from a  statistical  point  of view, the concentrations of these autoantibodies  were too 
low when  compared with  IgA anti-IgG2a to affect  the  RF agglutination  titers  and 
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observed for anti-IgG2a autoantibodies. Virtually no IgA anti-IgG1 was detected in 
the 293 mice tested. 
Discussion 
Analysis of the RF detected in various crosses between the 129 (Igh-1 ~) and the B6 
(Igh-1 bb) mice from our colony indicates that the amount, isotype, and specificity of 
the autoantibody produced by these mice depends in part upon a gene linked to the 
Igh-C locus. High levels of IgA anti-IgG2a autoantibodies, like those of the  129, are 
found only in Igh-1  ~  mice; IgM anti-IgG1 of the B6-type is detected mainly in Igh- 
1  bb mice, and both types of RF are depressed in heterozygous Igh-1 ab animals. Another 
gene is clearly involved in this regulation, as indicated by the occurrence of Igh-1 aa 
animals with low anti-IgG2a levels. Nothing is known so far about this second gene 
besides  the  fact  that  it  is  probably  not  located  in  the  H-2  locus,  in  view  of the 
similarity between the H-2 haplotypes of the 129 (H-2  by1) and B6 (H-2  b) mice. 
The linkage between the RF phenotype of the 129 mouse and its Igh-1 aa genotype 
seems very strong: inheritance of one Igh-1 b allele suppresses the  129 RF in all of 81 
Igh-1  ab F2 mice and in all but  1 of 73 Igh-1  ab backcrosses. Conversely, possession of 
the Igh-1 a allele apparently suppresses the production of IgM  anti-IgGl, although 
here the differences between positive and negative mice are smaller because of the 
lower levels of these B6-type autoantibodies. 
The high RF titer found in a single Igh-1 ab animal suggests that the suppression of 
RF is not due to the Igh-1  b allele itself but to a closely linked gene, for example, an 
Igh-V gene. Unfortunately, we were not able to type the Igh-V genes of this putative 
recombinant mouse, and the precise location of the gene involved therefore remains 
a matter of speculation. However, the low RF levels of the heterozygous Igh-1  ab mice, 
which carry both the 129 and B6 Igh-C and Igh-V alleles, permit us at least to exclude 
the possibility that RF-encoding Igh-V genes play any significant role in this allotype- 
linked control of RF. 
Quite recently, a  linkage has been demonstrated between autoimmune reactions 
and  allotypes  in  murine  experimental  systems,  including  myasthenia  gravis  and 
antibody production against autologous erythrocytes (5, 6), as well as in a variety of 
human  autoimmune  diseases  (7).  It  will  be  of interest  to  determine  whether  the 
allotype-linked genes controlling autoimmune manifestations as different as suscepti- 
bility to myasthenia gravis and  RF  production belong to a  single  family of genes. 
High  susceptibility to myasthenia  gravis was  found in  animals  bearing  the  Igh-1 b 
allele,  which  in  our  model  is  associated  with  low  RF  levels;  this  suggests  that 
inheritance of a given allotype will not result in a general increase of autoimmunity. 
A similar situation has been observed with human RF: in a study of the incidence of 
RF in coal workers' pneumoconiosis, it was found that the risk of anti-IgG develop- 
ment  is  related  to  Gm  homozygosity rather  than  to  the  possession  of any  single 
common Gm haplotype (8). This situation is reminiscent of the suppression of the RF 
observed  in  our  heterozygous Igh-1 ab  mice,  and  suggests  that  the  allotype-linked 
control of RF in the 129 and B6 mice might be of some relevance to the study of the 
regulation of human RF production. 
Summary 
In certain specifc pathogen-free colonies, mice, upon aging, produce autoantibodies 
(RF)  ~pecific for the Fe portion of their IgG.  In our colony,  129/Sv mice  (H-2bvl; 742  JACQUES L. VAN SNICK  BRIEF  DEFINITIVE REPORT 
Igh-1  a) have 10-20 times higher RF levels than C57BL/6 (H-2b; Igh-l~). In addition, 
the  129  have mainly IgA anti-IgG2a, and the B6 have mainly IgM anti-IgG1. We 
analyzed  the  genetic  factors that  control  these  differences.  The  high  RF-producer 
phenotype of strain  129 was inherited as a  recessive trait as indicated by the low RF 
levels of (129 x  B6) F1 mice. About  1 of 4  129  X F1 (129 X B6) backcrosses and  1 of 
10 (129 ×  B6) F2 mice had high RF levels, suggesting the involvement of two recessive 
genes in the control of this RF production. All F2 mice and all but one backcross with 
high IgA anti-IgG2a levels were homozygous for the Igh-1 a allele of.the 129 mouse. In 
contrast, the B6-type RF was eight times more frequent in Igh-1  bb than in Igh-1 ab or 
Igh-I  u  mice. High RF t iters of either type were suppressed in Igh-1 ab mice. 
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